The aim hereof is to study the activity of cathepsin D (CatD), alkaline phosphatase (ALP) and acid phosphatase (AP), the antitryptic activity (ATA) of acid-stable inhibitors (ASI) in rats in heart tissue and its draining lymphocytes under introduction of Doxorubicin and protection with Trimetazidine.
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Introduction
The use of more intensive chemotherapeutic schedules in modern oncology not only leads to an increase in the duration of disease-free survival and the number of patients cured of cancer, but also to an increased risk of side effects, primarily produced the cardiovascular system. The development of cardiac complications against the background of antitumor chemotherapy results in a decrease in its effectiveness (in case of reduction of chemotherapy courses provided to patients), a deterioration in the quality of life and its duration in those patients, who may be potentially cured, and especially those who have already had cardiovascular pathology [1] [2] [3] .
ratios remained at the level of values in the reference animals.
In group 2 in the myocardia and lymphocytes a significant decrease in enzyme activity by 23-31%, on the average, as compared with reference animals, has been observed, and, at the same time, all the ratios have been at the level of the reference animals.
Conclusions
The dynamics of the studied indicators recorded for the hearts in the group 1 rats reflect an intensification of catabolic process- net/issues/no13-november-2018/hydrolytic-processes-in-themyocardium Many anti-tumor drugs show cardiotoxicity, among them is a large group of Anthracycline antibiotics, which so far are widely used in various chemotherapeutic schedules due to their high efficacy [4] . The cardiotoxicity developing during their use can be acute, chronic or delayed, manifesting years after the termination of therapy [5] [6] [7] [8] . Cardiotoxic effects of anthracyclines are attributed to the type 1 cardiotoxicity, characterized by the development of apoptosis or myocardial necrosis as a result of the cumulative dose-dependent effect. Cardiotoxicity of this type is dangerous due to its limited reversibility, resistance to therapy, and it causes a deterioration in cardiac prognosis. Nowadays various methods of cardiac protection are being actively developed against the background of oncological patients therapy with Anthracycline-based drugs [9] .
Histological signs characterizing the cardiotoxicity of Anthracyclines include, in particular, an abundant vacuolization of cardiomyocytes, disorganization of myocardial fibers that is related to the mechanism of the action of these chemotherapeutic agents on myocardial cells. The enhancement of free radical oxidation in cardiomyocytes offers an increased permeability in their internal membranes, mitochondrial dysfunction, exit of the Ca ions and lysosomal enzymes with their entry into the cytoplasm, and development of apoptosis or necrosis [9, 10] .It is known that Trimetazidine, used in cardiology, has a protective effect in case of ischemia and development of oxidative stress in cardiomyocytes due to modulation of their energy metabolism, restoration of the intracellular ATP level, reduction of the intracellular acidosis and calcium dysfunction intensity and activation of antioxidant protection [11] .
In this connection, in our opinion, it would be intriguing to study the activity of hydrolytic processes occurring in the heart tissue after the Doxorubicin medication under the preliminary protection by Trimetazidine, as it is known that proteolytic enzymes, changing the functional properties of proteins and thus controlling various biochemical processes, play an important role in the physiology both of individual organs and the organism as a whole.
Thus, the aim of our study is to study the activity of a number of proteolytic enzymes and the activity of proteolysis inhibitors in the heart tissue and its draining lymphocytes in rats in case of the Doxorubicin use under the Trimetazidine preliminary protection.
Materials and methods
The study has been carried out on outbred male rats (50 animals) weighing 150-160 g. Seven days after the termination of the Doxorubicin administration, the rodents have been decapitated, their hearts have been rapidly removed and chilled; the hearts were homogenized in the physiological saline, and lymphocytes have been isolated from the heart tissue according to a density gradient of Fikkol/ Verografin of 1.078 g/cm3 (3x106 cells/ml working concentration of the lymphocyte suspension); we have obtained the 10% cytosolic fractions prepared using a 0.1 M potassium phosphate buffer with a pH of 7.4 containing 0.1% Tween-20 and 1% BSA. In the heart tissue and its draining lymphocytes, the activity of cathepsin D (CatD) [12] and acid-stable inhibitors (ASI), general antitriptical activity (ATA) [13] , and the activity of alkaline phosphatase (ALP) and acid phosphatase (AP) have been determined by the unified method with the use of Olvex Co. reagent kits. The obtained results have been recalculated per gram of the heart tissue or per mg of protein in lymphocytes. The protein concentration has been assessed by Lowry method. The values of ratios CatD/ATA, CatD/ ASI and AP/ALP have been calculated
The statistical processing of the results has been carried out with the original Statistica 10.0 software; in each group the mean value ± standard error of the mean (M ± m) has been determined. The sig-nificance of differences has been evaluated using the Mann-Whitney nonparametric criterion. Variance at a significance level p <0.05 have been considered to be statistically significant.
Results
The results of the study are presented in Table 1 herein. In the group 1 rats, in their heart tissue we observed a statistically significant increase in all the studied parameters compared to the level in the reference group: cathepsin D activity has been 42.4% higher, ATA and ASI have been increased by 1.9 times, and the acid and alkaline phosphatase activity has been reported to be 2,1 and 2,2 times higher, respectively. At the same time, the CatD/ATA and CatD/ASI values, which characterize the state of the protease inhibitor system, have been statistically significantly reduced by 25.4% and 24.2%, respectively, and the AP/ALP ratio has not differed from that in the reference group. A significant increase in the following studied parameters has also been observed in the lymphocytes in the rodents of this group: CatD has been increased by 64.6%, ASI and by ATA 1.8 times, AP has been found 2.1 times and ALP 2.3 times greater, respectively. However, the values of ratios CatD/ATA, CatD/ASI and AP/ALP remained at the level of the reference unaffected animals.
In the group 2 animals we observed counter-tendency dynamics of the studied parameters, both in the heart tissue and lymphocytes. When introducing Doxorubicin after the Trimetazidine protection, a statistically significant decrease in CatD by 24.2%, AP and ALP on the average by 23.6% in the heart tissue compared to that in the reference animals, but no statistically significant changes in the ATA, ASI, CatD/ ATA, CatD/ASI and AP/ALP values have been recorded. In lymphocytes we observed a statistically significant decrease in all the studied parameters by 23-31%, and, at the same time, no significant change in the ratios of CatD/ATA, CatD/ASI and AP/ALP in comparison with the corresponding level in the reference group has been identified. As a result, in animals, who received Doxorubicin after protection with trimetazidine, in the heart tissue, statistically significantly lower activity of CatD (by 46.8%), AP and ALP (2.2 times on the average), ATA and ASI (by 61, 8% on the average) in comparison with the group 1 animals' indicators, have been detected. At the same time, the values of CatD/АТА and CatD/ASI have been found to be significantly higher: their increases were 38-39%. In the lymphocytes a statistically significantly lower level of all the studied parameters has been observed, namely, they decreased by 2.4-3.0 times in comparison with the level in group 1.
Analyzing the dynamics of the hydrolytic system activity indicators, we can note the same direction of the changes found in the heart tissue and its draining lymphocytes. In the group with the use of Doxorubicin introduced in physiological saline, a significant increase in the activity of all components of the studied system has been revealed in comparison with the level in the reference animals, and, as opposed to it, in the group of animals, who had received Trimetazidine protection, a decrease in the activity of the hydrolytic system components has been observed. As a result, in the group 1 animals, a small, but statistically significant, decrease in the CatD/ATA and CatD /ASI values in the heart tissue may indicate a predominance of proteolytic activity inhibition processes, while in the group 2 animals the absence of changes in these ratios (in comparison with the level in the reference animals) indicates that the protease inhibitor system is balanced, and the hydrolytic processes activity is generally maintained at the reference level. Attention should also be drawn to the absence of statistically significant changes in these values for lymphocytes in both groups of animals that may indicate a more balanced response by lymphocytes to the medication action if to compare with the reaction of the myocardium.
Discussion and Conclusions
Various mechanisms of cardiotoxicity of Anthracyclines have been described in the present-day literature, but the main triggers are the development of free-radicals stress, mitochondrial dysfunction (with disordered metabolism of high-energy phosphates) and dysregulation of the calcium homeostasis. The next step is a change in gene expression, activation of the ubiquitin-proteasome system, apoptosis and induction of immunogenic reactions. Thus, it is obvious that the Anthracycline cardiotoxicity is a multifactorial multi-stage process leading to apoptosis of cardiomyocytes. As a result of the myocardium damage, clinical signs of heart failure develop [14, 15] .
Despite the understanding of importance of nucleus-and mitochondria-related events in the cardiotoxicity induced by Doxorubicin, nowadays an idea of a decisive role of functioning of lysosomes and the associated autophagy dysregulation in cardiomyocytes is being extensively elaborated [16, 17] . Autophagy is a universal cellular process, which is treated to be a protective mechanism, which maintains the cell viability due to the elimination by isozymal proteases (cathepsins A, B, D, H and L) of the damaged cells or undesired proteins and organelles. In pathological states, autophagy is initiated to protect cells from stress stimuli or, alternatively, to contribute to cell death. The obtained data demonstrate the key role of autophagic processes in cardiac physiology and pathology: an accumulation of damaged proteins and organelles in cardiomyopathies of various genesis has been discovered [18] . Conducted were studies, which attribute the Doxorubicin-induced cardiotoxicity to the dysregulation of macroautophagy, mitophagy, and chaperone-mediated autophagy through the disruption of functioning of the transcription factors, which are also responsible for the regulation of the lysosomal function [19, 20] . In cardiomyocytes exposed to Doxorubicin, changes in proteolytic processes are detected, but the role they play in the Doxorubicin-provoked cardiotoxicity remains unclear. The degree of the dysregulation of autophagy in response to the influence produced by Doxorubicin depends on the type of cardiotoxicity model used, on the concentration of the active substance and the duration of the Doxorubicin action [20] .
During the formation of defective mitochondria in cells, the process of mitophagy (the elimination of the improperly functioning mithochondria) in lysosomes is triggered, which, as revealed, is sensitive to the Doxorubicin exposure [21, 22] .This form of autophagy is of a great importance in cells with a high density of mitochondria, in particular in cardiomyocytes. The Doxorubicin-induced disorder of mitophagy through the dysregulation of various cytosolic and mitochondrial signaling pathways leads to a deterioration in the physiological elimination of damaged mitochondria and to the accumulation thereof, that increases the production of active oxygen species and aggravates the ATP deficiency [20] .
An important point is that structural changes in the heart tissue appear much earlier than clinical manifestations of heart failure. This means that the compensatory mechanisms are capable of supporting the heart performance for a certain time against the growing myocardium damage.
In accordance with the above, it can be assumed that an enhancement in the activity of lysosomal enzymes such as cathepsin D, acid and alkaline phosphatases, observed in this study in the group 1 animals, bearing witness to the activation of proteolytic processes in the heart tissue, may be a manifestation of the acute toxic effect produced by Doxorubicin upon its introduction in a physiological saline. In the study by Leto G. et al. (1987) it is shown that changes in the cathepsin D activity in the cardiac muscle in mice have been detected after each introduction of Doxorubicin [23] . In the research work done by Hilfiker-Kleiner D. et al. (2007) it has been found that enhancing the expression of cathepsin D and its activity can mediate a progression of heart failure through prolactin cleavage [24] . In our case, an activation of the autophagy processes, in particular mitophagy, probably takes place that may be interpreted as a protective reaction of heart tissue in response to Doxorubicin damage of the most important cardiomyocyte organelles: mitochondria. In the review by Ghosh R, Pattison JS. (2018) it is shown that an exposure to Doxorubicin intensifies autophagic processes, and inhibition of these processes weakens the manifestations of cardiotoxicity induced by Doxorubicin. The authors suggest a possible protective role of the autophagy processes in the Doxorubicin-induced cardiotoxicity [18] .
For a long time it has been believed that the main function of cathepsin D is to cleave damaged proteins in lysosomes and phagosomes as a result of activation of endocytosis and autophagy. However, it has now become known that, besides, cathepsin D undertakes many physiological functions associated with the activation of precursors of a number of enzymes, hormones, growth factors, thus participating in the maintenance of the tissue homeostasis, development of the apoptosis processes, remodeling of the extracellular matrix and generation of an immune response [25] [26] [27] . Analyzing the results obtained in our study, we can also assume that an increase in the activity of cathepsin D in the heart in the group 1 rats is an indication of the activation of the cardiomyocyte apoptosis processes as a result of the Doxorubicin action, since it is known from the literature that cathepsin D is one of the key mediators of the induced apoptosis (via caspase-dependent and caspase-independent mechanisms), and its pro-apoptotic effect can be produced both at the expense of the proteolytic activity and in a way independent thereon [26, [28] [29] [30] [31] .
However, depending on the intracellular context and stress stimulus cathepsin D can manifest not only proapoptotic, but also anti-apoptotic effect. The study by Sagulenko V. et al. (2008) shows that an elevation of the expression of cathepsin D in neuroblastoma cells leads to a weakening of Doxorubicin-induced apoptosis due to activation of the Akt path, one of the main paths of the cell survival [32] . The investigation work by Oliveira C.S. et al. (2015) discovers an antiapoptotic effect of cathepsin D in colorectal cancer cells under the activation of the mitochondrial apoptotic cascade [33] . Du F. et al. (2017) demonstrate that increasing the expression of cathepsin D promotes the viability of renal tubule cells, preventing lysosomal apoptosis and stabilizing the membrane potential of mitochondria under toxic effects of glycosylation products [34] . In our study, however, it is impossible to unambiguously identify which sort of effects, pro-or anti-apoptotic, is produced by cathepsin D in this case.
In our opinion, an enhancement in the activity of phosphatases in the heart tissue in response to the Doxorubicin effects also deserves attention. Although these enzymes have been studied for a long time, but their biological functions in the body are still not finally determined. At present, it is known that acid phosphatase is defined as a multifunctional enzyme that catalyzes not only hydrolytic dephosphorylation reactions, but also plays an important role in the ATP-dependent regulation of the calcium homeostasis and, as supposed, can participate in the reactions of generation of reactive oxygen species (due to the presence of iron atoms in the active center) [35] [36] [37] . For some isoforms of acid phosphatase of plant origin, the connection with the intracellular production of reactive oxygen species (mainly in the process of cell autolysis) and the manifestation of the peroxidase activity under stress conditions are shown [38, 39] . Despite the fact that alkaline phosphatase is available in great numbers in many tissues in the organism and there is a rich variety of its isozyme forms, its exact physiological function remains to a great extent still unexplored. It has been found that this enzyme is of great significance in phosphoric and calcium metabolism; some studies show the participation of alkaline phosphatase in the regulation of protein phosphorylation, apoptosis and development of cardiovascular diseases [40, 41] .
The activation of cathepsin D, acid and alkaline phosphatases, detected in this study, could be consid-ered in general as a marker of intensification of catabolic processes in rat myocardial tissue resulting from Doxorubicin toxicity. The simultaneous considerable activation of ASI and ATA leads to a change in the proteinase inhibitor system towards weakening of intracellular proteolysis, as evidenced by a decrease in the CatD/ATA and CatD/ASI values. An increase in the antitryptic activity and the tissue-related acid-stable inhibitors' activity can be associated with the functioning of the inflammation regulation mechanisms in the heart tissue, and the resulted proteinase-inhibitory balance probably reflects the severity of the inflammation. The triggering of inflammation in the myocardial tissue can also be indicated by the activation of proteolytic enzymes in the myocardium-draining lymphocytes. To date, it is known that various cathepsins, including cathepsin D, are key modulators of congenital and adaptive immune reactions, and they are involved in the activation/inhibition of cytokines, which play a crucial role in the development of inflammatory reactions, and an imbalance in the functioning of cathepsins in the immune system cells can lead to chronic inflammation, autoimmune disorders and, as a result, cause pathological damages to cells and tissues [42] . Thus, the observed dynamics of the hydrolytic system performance in the heart tissue in rats upon introduction of Doxorubicin in a physiological saline represents a complex picture of the manifestation of the acute chemotherapy-drug induced toxicity and the protective response of the organism to myocardial damage.
The possibility of cardioprotection in cancer patients treated with the use Anthracycline-based schedules has been actively explored in recent decades, resulting in defining several approaches that differ in their protection mechanism. One of them is the use of cardioprotective agents (for example, Decrazoxane, a free radical acceptor), and any molecule, which is capable of directly reducing myocardial damage, slowing down the sequential remodeling of the myocardium or contributing to the restoration of its physiological metabolic activity, can have a cardioprotective effect [9, 43, 44] . The use of Trimetazidine (Preductal MB), which precedes the introduction of Doxorubicin, in the group 2 animals in the context of our study, falls into the above approach pattern.
Trimetazidine is a medical drug of metabolic action with a large evidence base in cardiology, which has demonstrated its high efficacy and safety in chronic heart failure both of ischemic and nonischemic genesis. The molecular mechanism of the action of this drug is associated with its capability to slow down the oxidation of fatty acids and enhance the oxidation of glucose and, in doing so, contribute to the preservation of energy metabolism in cardiomyocytes. As a result of the activation of glycolysis, which supplies ATP, the transmembrane Са2+ ion flux is normalized. The use of Trimetazidine diminishes intensity of intracellular acidosis. Improving the metabolism of membrane phospholipids, Trimetazidine reduces the permeability of membranes and increases their resistance to damage, weakens leukocyte infiltration of reperfused and ischemic tissues of the heart, contributing to a decrease in the size of the myocardial damage focus. Under intensive physical loads, the use of Trimetazidine retards the development of tissue hypoxia and enhances the contractility of the myocardium [45] . In case of the experimental myocardial infarction, the preventive introduction of Trimetazidine promotes a decrease in the necrosis zone [46] . The experimental study by Salouege I. et al (2014) shows that the Doxorubicin therapy accompanied by Trimetazidine medication during 3 days results in a decrease in the surface of apoptotic and necrotic areas, as well as of areas with lymphoid infiltration and inflammatory reaction in the histological sections of the rat heart, that has demonstrated the cardioprotective action of Trimetazidine in the model of the acute Doxorubicin-induced cardiotoxicity [47] .
The experimental study by Moustafa A.M. et al. (2006) shows the preventive administration of Trimetazidine performed 5 days prior to initiation of the Doxorubicin therapy changes the dynamics of the creatine phosphokinase-MB level that indicates a considerable reduction in heart damage. At the ultrastructural level, the use of Trimetazidine leads to a lack of mononuclear cell infiltration of the myocardium, a decrease in markers of oxidative stress, and an increase in the antioxidant activity that is evidence for the normal functioning of the mitochondria [48] .
Analyzing the results obtained in the group 2 animals, we did not observe the activation of the cathepsin D hydrolytic enzymes, acid and alkaline phosphatases both in the heart tissue and its draining lymphocytes that can be considered as a sign of the absence of the activation of autophagy and apoptosis processes (or their minor expression). On the contrary, we observed a slight decrease in the activity of those enzymes in comparison with those in the reference animals, as well as a slight decrease in the inhibitor activity of heart-draining lymphocytes. However, the absence of significant changes in the CatD/ATA, CatD/ASI and AP/ALP values as compared to the reference group indicates the proteinase/inhibitor system balance is available both in heart tissue and its draining lymphocytes and that a pronounced local inflammatory process with the use of the above Doxirubicin schedule of doxorubicin introduction is not present. In our opinion, such results may be determined by the Trimetazidine premedication, which normalizes the cardiomyocytes energy metabolism and the intracellular medium acidity, reduces the leukocyte infiltration in the heart tissue and prevents the development of acute the Doxorubicin-induced cardiotoxicity.
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